Within our solar system, the planets, moons, comets and asteroids all have plasma interactions. The interaction depends on the nature of the object, particularly the presence of an atmosphere and a magnetic field. Even the size of the object matters through the finite gyroradius effect and the scale height of cold ions of exospheric origin. It also depends on the upstream conditions, including position within the solar wind or the presence within a planetary magnetosphere. Soon after ESA's Rosetta reached comet Churyumov-Gerasimenko, NASA's Maven and ISRO's Mars Orbiter Mission (MOM) reached Mars, and ESA's Venus Express mission was completed, this issue explores our understanding of plasma interactions with comets, Mars, Venus, and moons in the solar system. We explore the processes which characterise the interactions, such as ion pickup and field draping, and their effects such as plasma escape. Papers are based on data from current and recent space missions, modelling and theory, as we explore our local part of the 'plasma universe'.
Introduction
The issue represents predictions for missions which have recently reached their targets. Some of the papers were presented at the 6 th Alfven Conference on Plasma Interactions with Solar System Objects: Anticipating Rosetta, MAVEN and Mars Orbiter Mission, held at University College London on 7-11 July 2014 (see Figure 1 ). The conference included 65 oral (including 19 invited) papers and 19 poster presentations. The structure of the conference included sections on comets, Mars, Venus, moons, missions and comparisons between the interactions. The special issue was open to paper presenters and to the wider scientific community, and has resulted in the 12 papers included here.
Summary of papers Comets:
Ion pickup is one essential element of a comet's interaction with the solar wind. As a comet nears the Sun, water and other molecules sublime away from the nucleus. These are eventually ionised and then are accelerated by the solar wind convective electric field, and they then gyrate around the field to form a ring distribution in velocity space. This is unstable and a shell distribution, and plasma waves, result. Several boundaries occur including a bow shock and a contact surface. Matteini et al. (2015) use hybrid simulations to study the ion pickup process. Bispherical and non-gyrotropic distributions are studied, and the resulting waves serve as predictions for comet 67P (Churyumov-Gerasimenko, Rosetta's target). Gunell et al. (2015) use hybrid simulations but also include a charged dust population, and make predictions for the morphology, effectiveness and timing of dust acceleration at 67P. Nordheim et al. (2015) model the surface potential and electric field at the surface of 67P at 3.5 and 3 AU, finding positive potentials on the sunlit side and the possibility of substantial charging in the wake.
Venus:
Venus has a dense atmosphere and an ionosphere, but no magnetic field. The solar wind interaction region includes the ionopause, induced magnetosphere, draped magnetic field, a sheath region with thermalised and decelerated solar wind, and a bow shock. Luhmann et al. (2015) re-examine PVO and Venus Express data and compare with MHD simulations to explore a previously discovered hemispheric bias in the magnetic field low in the wake region. They find that although some aspects of the results are consistent with a weak global magnetic field, this can be ruled out in preference for other effects, such as hemispheric asymmetries in the interaction or the possibility of external field diffusion through the planet.
Mars:
The Mars interaction with the solar wind is somewhat similar to Venus except that the ratio of the ion gyroradius to the obstacle size is larger, and Mars has crustal magnetic fields which distort the interaction to some extent. Atmospheric escape is a key issue over the 3.8 billion years since Mars lost its global magnetic field, studied over the last solar cycle by Mars Express and studies are beginning with the comprehensivelyinstrumented MAVEN mission. Holmstrom et al. (2015) use a hybrid model to study the Mars-solar wind interaction on a large scale, finding a polar plume of ions and escape along the tail. The escape rate increases as the assumed production rate increases, and comparisons are made with a comet.
Yamauchi et al. (2015a) present Mars Express ASPERA-3 observations of the Martian foreshock. They find protons and, for the first time, oxygen ions upstream of the bow shock. They discuss how this may be an additional escape mechanism involving acceleration in the bow shock-sheath region.
Yamauchi et al. (2015b) study pickup protons in the solar wind near Mars over 8 years, finding that the amount of pickup ions is related to the Sun-Mars distance. This indicates that the UV flux plays a major role in pickup ion production but other effects are important too, a topic for MAVEN. Xu et al. (2015) study the production of photoelectrons in the Martian ionosphere using three different solar irradiance models. They find a factor ~2 variation in the modelled photoelectron fluxes.
Vaisberg (2015) reviews ion escape mechanisms at Mars, including pickup ions, tail escape and ionospheric escape. Simulations are also discussed, discrepancies between observations and simulations are identified, and suggestions are made for future research including MAVEN and MOM. Fraenz et al. (2015) use ASPERA-3 and MARSIS data to estimate Martian escape rates. By including the previously underestimated cold ion component they find higher total escape rates (2.8±0.4x10 25 s -1 ) than previously reported, and in agreement with some modelling studies. Alho et al. (2015) use a hybrid simulation to study the shielding effect of an early Mars magnetic field, starting at a reasonable assumed level and declining to today's induced magnetosphere. They find significant shielding is present on early Mars against solar energetic particles, caused by the solar wind interaction. 
